Infrared absorption spectra of some four-and five-coordinated (ethyl 1-methyl acetoacetate) complexes of trivalent samarium have been studied in the region 4000 -250 cm-1 for the first time. About twenty bands in each chelate have been observed and assigned to different modes of vibra tion. A study of relative frequency shifts of CO stretching vibrations reveals that the metal-oxygen bonds in all the complexes are nearly of the same strength. The vibrational frequencies, with few exceptions, are found to be nearly independent of the coordination number of the metal.
The infrared absorption studies of /9-diketones, keto-esters and other esters have been carried out1-8 in some details. But the absorption data of their samarium complexes are scanty. From the point of view of their use as laser materials 9 it is essential to know their structure and the amount of metal-oxygen bonding in them. The infrared study would be help ful for the interpretation of the vibronic contribution to the electronic spectra. In the absence of necessary information it was thought worthwhile to study the infrared absorption spectra of four-and five co ordinated (ethyl 1-methyl acetoacetate) complexes of trivalent samarium. The present communication reports the infrared absorption spectra of samarium di-isopropoxv mono (ethyl 1-methyl acetoacetate) [1], samarium mono isopropoxy di (ethyl 1-methyl acetoacetate) [2], samarium di-tertiary butoxy mono (ethyl 1-methyl acetoacetate [3] and samarium mono tertiary butoxy di (ethyl 1-methyl acetoacetate) [4] , presumably for the first time. The results have been discussed in the light of the theoretically cal culated different modes of vibration. An attempt has been made to probe into the nature of metal-oxygen bonding in these complexes. The dependence of the vibrational frequencies on the coordination has also been discussed.
Experimental
The solid state absorption spectra of all the com plexes were recorded on a Perkin-Elmer model 521 grating spectrophotometer in KBr phase in the region 4000 -250 cm-1. The instrument was swept with dry air while recording the spectra. The maximum uncer tainty in the reported frequencies is estimated to be less than 5 cm-1.
All the complexes were prepared by reacting the re spective samarium alkoxide with anhydrous ligand. The alkoxides were prepared using the methods of M isra et alias 10. All the complexes were purified by recrystallisation from alcohol.
Results and Discussion
The observed vibrational frequencies have been tabulated in Table 1 . The intensities of the bands have been classified as shoulder (sh), weak (w), medium (m) and strong (s) and have been indi cated in Table 1 .
The various modes of vibration of the complexes under study are discussed below:
O -H Stretching vibrations
The bands at ~ 3200 cm-1 are due to the O -H stretching mode nf water which seems to vary from complex to complex due to the presence of varying amounts of water of absorption. This absorption is clearly due the presence of water because the ligand does not absorb in this region. 7 K . C . P a t i l , G . V. C h a n d r a s h e k h a r , M . V. G e o r g e , a n d C . N. R . R a o , C a n a d . J. C h e m . 46, 257 [1968] . 
Methyl and Ethyl group vibrations
The presence of CH3 groups can have character istic symmetric and asymmetric stretching vibrations and symmetric and asymmetric bending vibrations. The symmetric stretching and asymmetric and sym metric bending vibrations appear 1111 around 2960, 1450 and 1380 cm-1 respectively. The symmetric scissor vibration which is much more sensitive to the atom adjacent to CH3 group could not be ob served. Although only one band has been observed at 900 cm-1, it may result from overlapping of asymmetric and symmetric C -CH3 stretching modes which have almost the same frequencies. The bands near 650 cm-1 may be assigned to C -CH3 in-plane bending. The isopropoxy and J-butoxy groups give rise to bands near 950 cm-1 which have been as signed to CH3 rocking vibration.
The strong band near 1260 cm-1 in all the com plexes may be assigned to CH2 deformation of the ethyl group. The bands near 1170, 1115 and 1050 cm" 1 originate due to various modes of vibration of CH2 group which may be assigned to CH2 twi sting, CH2 rocking and CH2 wagging vibrations respectively.
Carbonyl group vibrations
The bands due to the presence of carbonyl groups may be assigned by assuming the spectra to be derived from the coupled vibrations of two acetone molecules bound together by a chemical linkage. As there are four equivalent bonds, viz. two CO bonds and two CC bonds, four stretching modes of vibra tion are expected. They usually occur 11 near 1600. 1500, 1450 and 1260 cm-1. In addition to these, the C -0 stretching vibration due to the presence of acetate group should also occur which does not effect the position of the carbonyl CO stretching frequency. Consequently, the bands near 1700, 1615, 1520. 1410 and 1260 cm-1 may be assigned to ester C -O stretching, asymmetric C -0 stretching, asymmetric C -C stretching, symmetric C -O stretching and symmetric C -C stretching modes respectively. All of these bands shift towards lower wavenumbers compared to those of the ligand as a result of complexation. The shift of the bands depends 12 upon (a) the masses of the groups attached to the carbonyl groups at the ends of the ligand molecule, (b) interaction of the carbonyl groups with neigh bouring 71 or d metal orbitals, and (c) the relative electron density of the o bonds. The latter factor is controlled by the electronegativity of the groups attached to the carbon atom of the carbonyl group. The lowering of the carbonyl stretching frequencies may be taken 12 as an indication of the nature of the coordination in the complexes. Since the shift of asymmetric C -O stretching frequency in all the complexes does not vary much with each other, it appears that the metal-oxygen bonds in all these cases are nearly of the same strength. However, the relatively larger shift in the complex 3 indicates the slightly stronger metal-oxygen bonding in it.
Comparison of data reveals that, with few excep tions, vibrational frequencies are nearly independent of the coordination number of the metal. However, the carbonyl stretching frequency (symmetric) shifts from 1398 to 1415 cm-1 as the coordination num ber increases from four to five. This is due to the fact that as the coordination number increases, the metal-ligand bond distances increase causing an increase in CO bond strength.
Sm-0 stretching vibrations
The metal-oxygen stretching modes have been found 4 to appear in the regions ~ 600 -510 cm-1, ~ 490 -400 cm-1 and ~ 400 -290 cm-1 in a num ber of metal /?-diketonates. Two bands in the four coordinated complexes and three bands in five co ordinated complexes have been observed in these regions and assigned to Sm-0 stretching modes of vibration.
It is interesting to note that the frequencies of Sm-0 stretching bands do not substantially change even when one of the ligands in complex 2 is repla ced by isopropoxy group to give cpmplex 1 or in 4 by 2-butoxy group to give complex 3. These results indicate that the vibrational interaction between the two ligand rings through Sm-0 bonds is quite small in the complexes 2 and 4.
